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Appendix G 
 
Estimation of Goal Program Model Parameters for Forest 
Management, Harvesting and Hauling 
 
 
The purpose of this appendix is to detail the estimation of forest management, 
harvesting and hauling activity parameters that have been adopted in the Wik forestry 
goal programming model. Section 1 details employment generation, and fixed and 
variable cost parameters for forest management in the Aurukun area. Section 2 provides 
the same types of information for timber harvesting and hauling activities in the study 
area.  
 
G.1  Employment Generation and Fixed and Variable Cost Parameters for Forest 
Management in the Aurukun Area 
 
The parameters adopted to model forest management activities in the Wik forestry goal 
programming (GP) model are reported in Table G.1 and described in the accompanying 
notes. 
 
G.2  Employment Generation and Fixed and Variable Cost Parameters for Timber 
Harvesting and Hauling in the Aurukun Area 
 
In this section, non-labour variable costs for four-wheel-drive vehicles, chainsaws, 
snigging machinery and haulage trucks are estimated, followed by a summary of the 
timber harvesting and hauling parameters adopted in the Wik forestry GP model.  
 
Non-labour Costs of Four-wheel-drive Vehicles Associated with Timber 
Harvesting Crews 
 
It is assumed that timber harvesting crews travel 200 km/week (to and from the 
campsite during week and to town once per week) for 26 weeks at a non-labour cost of 
$0.60/km. The dollar per kilometre rate is the Australian Tax Office’s expense claim 
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rate for vehicles exceeding 2600 cc. One cutting team can fell and merchandise 112 m3 
of logs per week (see below). Therefore, the variable non-labour cost for vehicles is 
$1.07/m3 of log. 
 
Table G.1.  Forest management parameters for the socio-economic model of forestry 
opportunities in the study area 
 
Parameter Value a
Employment generated in forest management (CAFTEs) b 3 (2)
Employment on-country (CAFTEs) b 2 (2)
Fixed costs of forest management 
Used four-wheel drive vehicle c 
Office and field equipment costs in (an existing building 
used for office) d
35,000
40,000 (20,000)
Variable costs of forest management 
Annual labour cost including on-costs ($/CAFTE) e 68,400
Annual office and field equipment operating expenses, 
including stationery, telephone, inventory marking paint 
and ribbons and electricity f
3,400
Annual vehicle operating expenses – fuel, maintenance 
($/vehicle) g
6,240
 
a. Values in parentheses are applicable where the forestry industry in the study region consists of 
selling timber at the stump, selling harvested logs to other processors (i.e. no further processing of 
logs carried out in the study region), and where portable sawmills are employed to mill timber and 
this is not processed beyond the GOS stage. For parameters without values in parentheses, the listed 
value applies to all forestry opportunities in the study region. 
b. An additional one CAFTE is generated for every forest harvesting operation beyond the first. 
c. One car for the first three forest management CAFTEs, plus one car for every two additional forest 
management CAFTEs. Life of vehicle = five years. Residual value = $7,000. 
d. Life = five years. Residual value = 15%. 
e. Annual labour cost per CAFTE is reported in Chapter 13. This cost level assumes three persons 
employed in forest management. 
f. Annual office and field equipment operating expenses are 5% of total labour cost. 
g. Annual vehicle operating expenses assumes forest management team travels 400 km/week for 26 
weeks @ $0.60/km to conduct forest inventory, designate sites to harvest and mark trees for felling 
or protection. 
 
Non-labour Chainsaw Costs Associated with Timber Harvesting Crews 
 
Chainsaw operating expense information is scarce. A professional tree cutter can fell 
and merchandise 50 m3 of log/day (Mathews 2003). Assuming a 7.6-hour workday 
(State Award 38-hour week), this is equivalent to 6.6 m3 of log/hour. Applying the 
culturally appropriate rate of production of 70%, it is assumed that felling and 
merchandising by Wik cutting crews can be undertaken at the rate of 4.6 m3 of log/hour. 
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Professional chainsaw operators are generally more comfortable discussing chainsaw 
operating costs per eight-hour day. On this basis, chainsaw operating expenses per hour 
have been estimated in Table G.2. Chainsaws themselves are considered to be 
consumable items since a professional tree feller will retire a chainsaw after cutting 
about 3,000 m3 of logs (Eastley 2002). Assuming 4.6 m3 of logs are cut and 
merchandised per hour, the hourly cost in Table G.2 is equivalent to $1.75/m3 of log. 
 
Table G.2.  Non-labour chainsaw variable costs per hour 
 
Chainsaw operating 
expense 
Component 
expected life 
(hours) 
Replacement cost 
($) 
Chainsaw operating 
cost ($/hour) 
Chainsaw and 
safety equipment 
650 a 2,200 g 3.37
Chainsaw bar 480 e 95 g 0.20
Chainsaw chain 24 f 45 g 1.88
Fuel b na na 0.86
Bar oil c na na 1.51
Contingency d na na 0.22
Total   8.04
 
a. Assuming felling and merchandising 4.6 m3 of log/hour, 3,000 m3 can be felled in about 650 work 
hours. 
b. The chainsaw fuel-mixing ratio is 50 parts fuel ($0.80/l) to one part Stihl two-stroke oil ($10/l). A 
chainsaw consumes 2-stroke fuel at the rate of 7 litres per 8 hour work day (Burns 2002). The same 
rate of fuel consumption per hour is assumed for a five-hour workday in the study region. 
c. Bar oil ($5/l) is consumed at the rate of 1 tank of bar oil per tank of fuel. The chainsaw fuel tank is 
940 ml and the bar oil tank 325 ml. 
d. The contingency for unexpected costs is 5% of the hourly operating costs (excluding the cost of the 
chainsaw and safety equipment). 
 
Sources: e. Eastley (2002). 
f. Burns (2002). 
g. Stihl technical help personnel on (Australian) telephone number 131197 provided costs for 
chainsaw, safety equipment, bar, chain, two-stoke oil and bar oil costs. 
 
Non-labour Snigging Costs Associated with Timber Harvesting Crews 
 
Snigging contractors in native forests of Queensland typically charge between about 
$9/m3 and $13/m3 of log (Native Forest Sawlog Pricing Working Group 1997; Ryan and 
Taylor 2002; Schultz 2002; Mathews 2003), which varies according to access, terrain 
and stocking of timber. This rate includes all variable costs, and fixed overheads, 
including depreciation of machinery. Corbet (2003) asserted that, in his experience, the 
daily machinery operating cost of a skidder (including 60 l of fuel, tyres, parts and 
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maintenance, but excluding depreciation) is about $300 for eight hours when snigging 
55 m3/day. He suggested to assume daily machinery operating costs of $200 for a five-
hour workday in the study region snigging 4.6 m3/hour from one cutting team (felling 
and merchandising). If the skidder is servicing two cutting teams and required to snig 
9.2 m3/hour in a five-hour workday, then Corbet (2003) suggested to assume daily 
machinery operating expenses of $300 to account for greater number of trips into and 
out of the forest and, subsequently, greater wear and tear. These skidder machinery 
costs are equivalent to $8.70/m3 of log and 6.50/m3 of log in the case of one cutting 
team and two cutting teams respectively. 
 
Non-labour Hauling Costs 
 
A rate of $0.30/m3/km is generally adopted in south-east Queensland to estimate the 
cost of transporting logs to a fixed-site sawmill (Leggate 2000; Yeates 2003). Owing to 
the poorer condition of roads in the study region compared with south east Queensland, 
a rate of $0.35/m3/km has been adopted, which includes labour cost for one CAFTE and 
truck fuel, repairs and maintenance expenses. This cost is not applicable to portable 
sawmilling operations on-country, because logs would instead be snigged directly to the 
mill. Assuming an average haulage distance of 50 km, average annual capacity of the 
haulage truck of 6000 m3 and a labour cost of $22,800/annum, then it can be estimated 
that the non-labour component of the haulage cost is $0.27/m3/km. 
 
Summary of Employment Generation and Fixed and Variable Cost Parameters for 
Timber Harvesting and Hauling in the Aurukun Area 
 
Table G.3 outlines the parameters adopted for timber harvesting and hauling in the GP 
model of forestry opportunities in the study area. It has been argued that, because there 
is little benefit to be gained in protecting growing stock for future timber harvests on 
mining leases, fellers could perhaps cut trees more rapidly (less concern about 
directional felling) and the snigger would be less idle, resulting in lower harvesting and 
snigging costs on mining leases than indicated in Table G.3. However, for the purposes 
of this study, no distinction in harvesting costs have been made between forests on and 
outside of mining leases. 
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Table G.3.  Harvesting and hauling parameters for the socio-economic model of forestry 
operations in the study area 
 
Value by scale of harvesting 
operation 
Parameter 
1 cutting team 2 cutting teams 
Employment generated (CAFTEs) a
Felling and merchandising 
Snigging 
Hauling 
2 @ 50%
1 @ 50%
1 @ 50%
4 @ 50%
1 @ 50%
1 @ 50%
Total 4 @ 50% 6 @ 50%
Employment on-country (CAFTEs) 4 @ 50% 6 @ 50%
Production of logs 
Fell and merchandise rate (m3 log/hour) 4.6 9.2
Volume of logs per annum (m3) b 0 to 3,000 0 to 6,000
Fixed costs of harvesting and hauling 
Four-wheel drive vehicle(s) c
Skidder d
Haulage truck e
35,000
40,000
150,000
70,000
40,000
150,000
Total fixed costs 225,000 260,000
Variable costs of harvesting 
Labour costs (including on-costs, $/m3 log) 
Felling and merchandising f
Snig g
7.60
3.80
7.60
1.90
Machinery and equipment ($/m3 log) h
Four-wheel drive vehicle 
Chainsaw 
Skidder 
1.07
1.75
8.70
1.07
1.75
6.50
Total variable cut and snig costs 22.92 18.82
Variable costs of hauling ($/m3/km) 0.35 0.35
 
a. Employment measured in CAFTEs is @ 50% because harvesting and hauling operations can only be 
undertaken for half the year (during the dry season). Employment levels tabulated assume full-time 
harvesting operations during the dry season. 
b. Upper limit is the fell and merchandise rate m3/hour x 25 hours/week x 26 weeks per year. 
c. One car per cutting team. Car life = 5 years. Residual value = $7,000. 
d. One skidder is required per harvesting operation. Skidder life = 10 years. Residual value = $5,000 
e. One haulage truck is required per 6000 m3 of log harvested per annum. Truck life = 10 years. 
Residual value = 40,000. Hauling is not applicable for on-country portable sawmilling operations. 
f. Felling and merchandising is undertaken by two persons per cutting team, five hours per workday. 
g. Snigging requires one skidder driver per harvesting operation, five hours per workday. 
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Appendix H 
 
Estimation of Goal Program Model Parameters for Portable 
Sawmilling and the Transport of Green-Off-Saw Timber to Aurukun 
Town 
 
 
The purpose of this appendix is to detail the estimation of goal programming model 
parameters for portable sawmilling and transport costs for green-off-saw (GOS) timber 
from the site of on-country portable sawmills to Aurukun town. Sections 1 and 2 detail 
employment generation, and fixed and variable cost parameters for portable sawmilling 
and GOS timber transport, respectively. 
 
H.1  Employment Generation and Fixed and Variable Cost Parameters for 
Portable Sawmilling in the Aurukun Area 
 
Annandale et al. (2002) described a portable sawmilling study with a Lucas 8’’ single 
circular saw portable sawmill in which Darwin stringybark and Melville Island 
bloodwood logs were milled at Injinoo, Cape York Peninsula. From this study, the 
potential productivity rate of a portable sawmill in the Aurukun area can be estimated, 
as in Table H.1. This potential productivity rate of a portable sawmill in the Aurukun 
area is employed to derive portable sawmilling labour and non-labour variable costs in 
Table H.2. The goal programming (GP) model parameters adopted for milling by Wik 
people with a portable sawmill at a fixed-site in Aurukun town and at multi-sites on-
country, are reported in Table H.3. Set-up and set-down costs for portable sawmilling 
have not been incorporated into the on-country portable sawmilling expenses because 
they were found to be negligible1. 
 
There are likely to be additional benefits and costs of adopting a fixed-site portable 
sawmilling strategy in town versus a multi-site portable sawmilling strategy on-country. 
For example, in the event of an accident or if the mill required uncommon repairs or 
                                                 
1 A maximum of two set-up and set-down phases would be likely each dry season requiring a total of 
about four hours of labour time. 
 515
maintenance, better access to medical assistance or specialized equipment is likely when 
milling in town. On the other hand, disposal of off-cuts and sawdust may become a 
problem at a fixed location, while on-country, waste can be left in the forest and the mill 
moved to another site. These potential costs and benefits have not been incorporated 
into the GP model of forestry opportunities in the study area. 
 
Table H.1.  Assumed productivity of a Lucas 8’’ single circular saw portable sawmill 
employed by Wik people in the study area 
 
Item Value 
Volume of logs sawn in the Injinoo portable sawmilling trial (m3) f 20.3
Hours spent milling in the Injinoo portable sawmilling trial (hours) g  
Sawing time (engine time) 23
Down-time a 7
Total 30
Volume of logs sawn per hour in the Injinoo portable sawmilling trial 
(m3/hr) b
0.7
Volume of logs that could potentially be sawn per annum with a 
portable sawmill at Injinoo (m3/yr) c
1,340
Culturally appropriate volume of logs potentially sawn per hour in the 
Aurukun area (m3/hr) d
0.5
Culturally appropriate volume of logs potentially sawn per annum in 
the Aurukun area (m3/yr) e
600
 
a. Down-time includes all time spent refuelling, sharpening sawblades, changing sawblades, 
conducting maintenance and repairs, and rest breaks for meals. 
b. This value is the volume of logs sawn in the Injinoo portable sawmilling trial divided by the total 
hours spent milling. This productivity rate is an ‘industrial’ rate achieved by non-indigenous 
persons with substantial portable sawmilling expertise. 
c. This level of output assumes a work rate of 40 hours per week for 48 weeks per year. 
d. The culturally appropriate volume of logs potentially sawn per hour in the Aurukun area is the 
Injinoo portable sawmilling trial rate (m3 of log/hr) multiplied by the culturally appropriate rate of 
production of 70%. 
e. The culturally appropriate volume of logs potentially sawn per annum in the Aurukun area assumes 
the portable sawmill is in town and operating 25 hours per week for 48 weeks per year. If the 
portable mill is employed on-country, then only 26 weeks of operation per year is possible owing to 
the wet season. In that case, maximum total annual throughput of the mill is reduced to 325 m3. 
 
Sources: f. Annandale et al. (2002). 
g. McGavin (2003). 
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Table H.2.  Estimated variable costs for a Lucas 8’’ single circular saw portable sawmill 
utilised by Wik people in the study region  
 
Portable sawmilling cost Item Consumption 
/ hour a
Unit cost of 
equipment or 
labour ($) 
$/hour $/m3 of log
Non-labour expenses   
Blades (units) b 1/36 100.0 2.78 5.56
Fuel (litres) c 2.25/1 0.8 1.80 3.60
Fuel filter (units) d 1/320 13.2 0.04 0.08
Oil (litres) e 1.5/120 10.2 0.15 0.31
Oil filters (units) d 1/320 19.8 0.06 0.12
Air filter cartridges 
(units) d
1/160 22.0 0.14 0.28
Spark plugs (units) d 1/800 12.1 0.02 0.03
Pre-cleaner (units) d 1/480 6.6 0.01 0.03
Drive belts (units) d 1/480 21.0 0.04 0.09
Trolley rollers (units) d 1/800 52.8 0.07 0.13
Contingency f na na 0.25 0.50
Total non-labour  5.36 10.72
Labour expenses   
Sawing time (engine 
operating time) 3 19.0 43.70 87.40
Down-time 3 19.0 13.30 26.60
Total labour expenses    114.00
Total variable expenses    124.72
 
a. Consumption per hour is per hour of all engine and down-time, including  refuelling, sawblade 
sharpening and meal breaks. 
b. In the Darwin stringybark and Melville Island bloodwood portable sawmilling study at Injinoo, 
blades required changing after milling approximately 18 m3 of log. Assuming 0.5 m3 of log can be 
milled per hour, then blades will require changing approximately every 36 hours. Approximate 
average cost of retipping and tensioning a blade by blade doctors in Brisbane is $80 per blade, 
including GST. Freight from Aurukun is likely to be about $10 each way. 
c. Fuel consumption is based on 18 litres per 8-hour day of milling (Burns, 2002). 
d. These cost estimates are based on information supplied by Lucas Mill Pty Ltd (Lucas, 2002). 
e. An oil change was recommended once every 100 engine hours by Lucas (2002) and every 50 engine 
hours by Burns (2002). The average 75 engine hours (100 milling hours) has been adopted. 
f. Contingency for batteries, throttle cables and other parts (Lucas 2002). 
g. Cost per cubic metre assumes an average log throughput of 0.5 m3 of log per hour of total milling 
time. 
h. Mill employs three CAFTEs at the cost of labour reported in Chapter 13 (approximately $19/hr 
including on-costs). In the portable sawmilling trial at Injinoo, engine operating time and down-time 
accounted for 77% and 23% of total milling time respectively. 
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Table H.3.  Portable sawmilling parameters adopted for the goal programming model of 
forestry opportunities in the Aurukun area 
 
Value per portable sawmill 
operated by location 
Parameter 
In town On-country 
Culturally appropriate employment generation 
(CAFTEs) a
4 3 @ 50%
On-country culturally appropriate employment 
generation (CAFTEs) a
0 3 @ 50%
Volume of logs that can be sawn per annum by an 
industrial portable sawmiller (m3 of log/yr) b
0 to 1,340 0 to 725
Culturally appropriate volume of logs sawn per annum 
(m3/yr) b
0 to 600 0 to 325
Fixed costs  
Portable sawmill c,f 14,000 14,000
Four-wheel drive vehicle d na 35,000
Mobile equipment c 10,000 na
Total 24,000 49,000
Variable costs ($/m3 of log)  
Labour e 152.1 114.0
Non-labour mill costs e 10.7 10.7
Four-wheel drive vehicle d na 10.4
Log moving and waste disposal 1.0 na
Total variable costs 163.8 135.1
 
a. Employment measured in CAFTEs is @ 50% on-country because portable sawmilling operations 
can only be undertaken for half the year (during the dry season). The additional worker in town 
moves logs from the log yard to the mill (done by skidder on-country) and to removes sawmilling 
waste (mill simply relocated on-country). 
b. Volume of log sawn per annum derived in Table H.1. 
c. Portable sawmill and mobile equipment have a useful life of 10 years with no residual value. 
d. Four-wheel-drive vehicle is used by mill workers on-country to travel between the mill and their 
camp site while on-country and a return trip to Aurukun town once per week. The vehicle assumed 
to have a five-year life and residual value of $7,000. Variable costs assume 200 km travelled per 
week for 26 weeks at a non-labour cost of $0.60/km. 
e. Variable costs of portable sawmilling are detailed in Table H.2. 
 
Source: f. Lucas (2002). 
 
H.2  Employment Generation and Fixed and Variable Cost Parameters for Green-
off-saw Timber Transport from Portable Sawmills On-country to Aurukun 
Town 
 
Green-off-saw (GOS) boards produced by portable sawmills on-country must be 
freighted to town for further processing or to be sold into outside markets. It is assumed 
that GOS timber is transported from portable sawmills with a used light (7 tonne) truck. 
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It is also assumed that a single truck can service up to five portable sawmills milling on-
country. GOS board freight parameters for the Wik forestry GP model are listed in 
Table H.4. 
 
Table H.4.  Parameters adopted for GOS board freight on-country in the goal 
programming model of Wik forestry opportunities in the study area 
 
Parameter Value 
Culturally appropriate employment generation (CAFTEs/ portable 
sawmill milling on-country) a
0.2
On-country culturally appropriate employment generation (CAFTEs/ 
portable sawmill milling on-country) a
0.2
Fixed costs 
Truck b 70,000
Variable costs 
Labour and non-labour ($/m3 GOS/km) 0.35
 
a. A 7 tonne truck can transport approximately 5 m3 of GOS boards. A portable sawmill can mill 5 m3 
GOS per week. It is assumed that one day per week is allocated to collect and transport the output 
from each portable sawmill on-country. 
b. The light truck has a useful life of 10 years and a residual value of $10,000. 
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Appendix I 
 
Estimation of Goal Program Model Parameters for Fixed-Site 
Sawmills in Aurukun Town 
 
 
The aim of this appendix is to detail the estimation of goal programming model 
parameters for fixed-site sawmilling operations in Aurukun town. Section 1 introduces 
the ABARE survey data that have provided the basis for employment generation and 
sawmilling cost estimates for the study area. Section 2 describes how the ABARE 
survey data were transformed to produce estimates for the study area. 
 
I.1  ABARE Survey Data of Fixed-site Hardwood Sawmills in South-east 
Queensland 
 
ABARE personnel whom the candidate contacted via telephone indicated that extensive 
analyses of fixed-site hardwood sawmilling costs and employment had been undertaken 
in the Regional Forest Agreements (RFAs) that were conducted in several regions 
throughout Australia in the 1990s; however, much of this information is confidential. 
The only report from any of the completed RFAs that includes some details about 
hardwood sawmilling costs and employment by sawmill size is an economic survey of 
log processing facilities in south-east Queensland by Bull et al. (1998). This report 
segmented the hardwood sawmilling sector in south-east Queensland into four groups 
on the basis of annual log volume throughput and presented average statistics on 
employment and production costs for surveyed sawmills within each of the four groups. 
Table I.1 lists selected statistics from Bull et al. (1998). No other literature, nor 
sawmilling experts telephoned at government departments, sawmilling representative 
bodies (e.g. the Queensland Timber Board) and working sawmills, were willing to and 
could provide such a comprehensive breakdown of costs and employment for hardwood 
sawmills. Consequently, the Bull et al. (1998) report has been adopted as the basis from 
which fixed-site sawmilling parameters for the goal programming (GP) model of 
forestry opportunities in the study area have been estimated.  
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Table I.1.  Average level of employment generated by and variable costs of fixed-site 
hardwood sawmills in south-east Queensland 
 
Annual throughput of sawmill (m3) Summary statistic 
< 1,000 1,000 – 
5,000 
5,000 – 
10,000 
> 10,000 
Number of hardwood mills 
surveyed in south east 
Queensland 
5 8 10 8
Population of hardwood mills in 
south east Queensland 
46 29 13 9
Average annual throughput of 
surveyed mills (m3) 
330 2,500 7,100 17,800
Average number of mill employees 
(FTEs) a
2 7 16 28
Average annual wage of sawmill 
employees b
21,600 22,600 25,700 28,000
Average market value of equipment 
($) 
46,600 400,000 2,000,000 1,750,000
Average cost of logs landed at the 
mill ($/m3 of log) c
69 69 72 58.9
Average processing costs ($/m3 of 
log) d
98 77 77 60
Average total mill operating costs 
per annum ($) e
71,700 347,200 1,455,000 2,750,000
 
a. A mill employee was defined as anyone working in the mill, including office and management staff, 
but excluding those involved in harvesting and transport. FTE is full-time equivalent. 
b. Average annual wage of sawmill employees is the average of all employees, including 
administration and management. This estimate excludes on-costs such as superannuation and 
workers’ compensation. It was indicated that on-costs were as high as 35% of the gross wage. 
c. Cost of logs landed at the mill includes all royalty, harvesting, snigging and transport costs in getting 
the logs from standing trees in the forest to sawlogs at the sawmill. 
d. Average processing costs include all labour, materials (including energy, excluding logs), repairs 
and maintenance associated with the conversion of sawlogs to green-off-saw timber. 
e. Average total mill operating costs per annum includes all labour (production, administration and 
management), all non-labour processing, administration and management costs, and depreciation on 
plant and machinery and interest payments. 
 
Source: Bull et al. (1998) based on survey data collected in 1995-96. 
 
To cover a range of potential levels of forestry operations in the Aurukun area, four 
scales of fixed site sawmills are assessed in this study. Operated on a full-time basis 
(38-hours per week) at industrial rates of production, the mill scales considered are 
capable of sawing between: 
 
1. 1,000 m3 of log/annum and 5,000 m3 of log /annum; 
 522
2. 5,000 m3 of log /annum and 10,000 m3 of log /annum; 
3. 10,000 m3 of log /annum and 25,000 m3 of log /annum; and 
4. 25,000 m3 of log /annum and 45,000 m3 of log /annum. 
 
In the Aurukun area it is assumed that these mills are operated over a culturally 
appropriate working week of 25 hours and at a culturally appropriate rate of production 
of 70% of the industrial rate. Therefore, the same four scales of sawmill establishments 
listed above are capable of milling between: 
 
1. 450 m3 of log /annum and 2,200 m3 of log /annum; 
2. 2,200 m3 of log /annum and 4,400 m3 of log /annum; 
3. 4,400 m3 of log /annum and 11,000 m3 of log /annum; and 
4. 11,000 m3 of log /annum and 20,000 m3 of log /annum. 
 
Parameters for the four different sawmill scales assessed in the GP model of forestry 
opportunities in the Aurukun area have been modified from the different sawmill scales 
in Bull et al. (1998), as indicated in Table I.2. Parameters for a fixed-site sawmill 
capable of processing 25,000 m3 of log/annum to 45,000 m3 of log/annum under 
industrial operation have no Bull et al. (1998) survey equivalent. Parameters adopted 
for this scale have been subjectively estimated, and assume high technology equipment 
is employed to achieve high throughput.  
 
Table I.2.  Assumed equivalence of culturally appropriate, industrial and ABARE 
survey sawmilling scales for the purposes of parameter estimation for the 
goal programming model of forestry in the study area 
 
Scale of sawmilling operation (m3 of log/annum) 
Culturally appropriate for 
the Aurukun area 
Industrial equivalent a ABARE survey equivalent b
450 to 2,200 1,000 to 5,000 1,000 to 5,000 
2,200 to 4,400 5,000 to 10,000 5,000 to 10,000 
4,400 to 11,000 10,000 to 25,000 >10,000 
11,000 to 20,000 25,000 to 45,000 na 
 
a. Industrial sawmills are assumed to operate on a full-time basis of 38-hours per week at an industrial 
rate of production. In Aurukun it is assumed that these mills are operated over a culturally 
appropriate working week of 25 hours and at a culturally appropriate rate of production of 70% of 
the industrial rate of production. 
b. ABARE survey is Bull et al. (1998). 
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Bull et al. (1998) reported the average number of employees and the average annual log 
throughput for three fixed-site sawmill scales of interest to this study. The number of 
employees presumably includes those associated with the chemical treating of sawn 
timber, which is considered to be a separate step in the production process in this 
dissertation. In larger sawmills, loading and unloading boards into the chemical 
treatment facility, monitoring the treatment process and performing repairs and 
maintenance on the chemical treatment facilities could employ one full-time equivalent 
(and perhaps more). Nevertheless, it is assumed that the four culturally appropriate 
fixed-site sawmilling scales considered in this study will employ the same number of 
personnel as if these sawmills were operated on an industrial scale with chemical 
treatment facilities. On the basis of Bull et al. (1998), the levels of employment 
generated by the four fixed-site sawmill scales considered in this dissertation are listed 
in Table I.3. 
 
Table I.3.  Estimated total level of employment generated by fixed-site sawmills in the 
Aurukun area 
 
Annual sawmill throughput (m3 of log) 
Culturally appropriate for 
the Aurukun area a
Industrial equivalent 
Employment generated by 
the sawmill (FTEs or 
CAFTEs) 
1,060 2,500 7 c
3,020 7,100 16 c
7,570 17,800 28 c
20,000 45,000 45 b
 
a. Culturally appropriate annual sawmill throughput assumes a working week of 25 hours (not the 
industrial working week of 38 hours) and a culturally appropriate rate of production of 70% of the 
industrial rate. 
b. This figure has been estimated subjectively. 
 
Source: c. Bull et al. (1998). 
 
It is assumed that variations in log throughput from the specific levels indicated in 
Table I.3 can be achieved with more or fewer mill employees. For simplicity, it is 
assumed that the marginal product of labour (MPL) is constant for a particular fixed-site 
sawmill scale and that changes in the level of employment at a mill can be estimated 
with the MPL. The MPL for each of the four fixed-site sawmilling scales are estimated 
in Table I.4. For example, a culturally appropriate fixed-site sawmill in the Aurukun 
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area milling 1,500 m3/annum of log will employ a total of 10 CAFTEs in the log yard, 
sawmill, administration and management2. 
 
Table I.4.  Estimated range of employment generated by fixed-site sawmilling activities 
in the Aurukun area 
 
Culturally appropriate scale of sawmilling 
operation in Aurukun town (m3/ annum of log) 
Parameter 
450 to 
2,200 
2,200 to 
4,400 
4,400 to 
11,000 
11,000 to 
20,000 
Equivalent industrial scale from 
Bull et al. (1998) (m3/ annum of 
log) 
1,000 to 
5,000 
5,000 to 
10,000 
>10,000 na 
Average annual throughput of 
surveyed mills from Bull et al. 
(1998) (m3) 
2,500 7,100 17,800 na 
Average number of mill employees 
from Bull et al. (1998) 
7 16 28 na 
Marginal product of labour in 
sawmill (m3 of log/ year/ 
employee) a
360 440 630 960 b
Culturally appropriate marginal 
product of labour in sawmill (m3 
of log/ year/ employee) c
150 190 270 440 
Culturally appropriate employment 
generated (CAFTEs) d
3 to 15 12 to 23 16 to 41 25 to 45 
 
a. Marginal product of labour in a sawmill is the ‘average annual throughput of surveyed mills from 
Bull et al. (1998)’ divided by the ‘average number of mill employees’. Rounded to the nearest 10 
m3
b. This marginal product of labour estimate assumes annual throughput level of 45,000 m3 of log and 
47 employees at the sawmill. 
c. Culturally appropriate marginal product of labour in sawmill assumes a working week of 25 hours 
and a culturally appropriate rate of production of 70% of the industrial rate, rounded to the nearest 
10 m3. 
d. Culturally appropriate employment generated is ‘culturally appropriate scale of sawmilling 
operation in Aurukun’ divided by ‘culturally appropriate marginal product of labour in sawmill’. 
 
For the purposes of this dissertation, the variable costs of fixed-site sawmilling have 
been classified into labour and non-labour expenses. The former can be estimated when 
the culturally appropriate throughput per annum per employee for a particular sawmill 
                                                 
2 A 2,200 m3/annum capacity sawmill has a minimum throughput requirement of 450 m3/annum and 
minimum staffing level of 3 workers. Additional workers for a 1,500 m3/annum operation is calculated 
as follows: 1,500 m3/annum less 450 m3/annum, divided by the culturally appropriate MPL of 150 m3. 
This is equal to 7 additional employees. Add to the three workers  required for the first 450 m3 of 
throughput gives a total of 10 sawmill employees.  
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scale and the annual wage and on-costs for labour are estimated. Sawmilling labour 
costs are reported in Table I.5. 
 
Table I.5.  Estimated labour costs in culturally appropriate fixed-site sawmilling 
operations in the Aurukun area 
 
Culturally appropriate scale of sawmilling 
operation in Aurukun town (m3/ annum of log) 
Parameter 
450 to 
2,200 
2,200 to 
4,400 
4,400 to 
11,000 
11,000 to 
20,000 
Sawmilling labour cost ($/m3 of 
log) 
150.2 120.9 84.4 51.8 
 
a. Sawmilling labour cost is cost of labour per annum per employee including on-costs ($22,800, as 
described in Chapter 13) divided by ‘culturally appropriate marginal product of labour in sawmill’ 
from Table I.4. This labour cost includes all employment at the mill, including administration and 
managerial labour. 
 
A literature review and discussions with government sawmilling experts, and personnel 
from private the Queensland Timber Board and working sawmills, could not highlight 
specific estimates of the non-labour variable costs of sawmills, including machinery, 
equipment maintenance and energy. Consequently, the Bull et al. (1998) survey results 
have been modified to estimate non-labour operating costs in Table I.6. Only the survey 
findings for the scales of 5,000 m3/annum to 10,000 m3/annum and >10,000 m3/annum 
(culturally appropriate 2,200 m3/annum to 4,400 m3/annum and 4,400 m3/annum to 
11,000 m3/annum) are suitable for this purpose3. It is assumed that the Bull et al. (1998) 
non-labour cost estimates for the former and latter sawmilling scales are also applicable 
for culturally appropriate sawmilling scales of 450 m3/annum to 2,200 m3/annum and 
11,000 m3/annum and 20,000 m3/annum, respectively. The non-labour variable costs 
per cubic metre of log throughput in a culturally appropriate fixed-site sawmilling 
operation are assumed to be identical to an industrial operation. 
 
Table I.7 reports the fixed-site sawmill parameters adopted for the GP model of timber 
utilisation strategies for Wik people in the Aurukun area. 
                                                 
3 The Bull et al. (1998) survey findings for sawmills milling 1,000 to 5,000 m3/annum (culturally 
appropriate scale of 450 m3/annum to 2,200 m3/annum) have some major inconsistencies, which limits 
their usefulness. In particular, average total mill operating costs per annum for this group, which 
supposedly includes log cost, processing costs, administration, management, depreciation and interest 
repayment costs, is $18,000 less than the total of average log and processing costs alone. 
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Table I.6  Variable non-labour sawmilling costs for culturally appropriate sawmilling 
operations in the Aurukun area 
 
Culturally appropriate scale of 
sawmilling operation in Aurukun 
town (m3/ annum of log) 
Parameter 
2,200 to 4,400 4,400 to 11,000 
Equivalent industrial scale from Bull et al. (1998) 
(m3/ annum of log) 
5,000 to 10,000 >10,000
Average annual cost of sawmill labour incl. 1/3 
on-costs ($) a
34,180 37,240
Average total labour costs per annum ($) b 546,900 1,042,720
Average total log cost per annum ($) c 511,200 1,048,420
Assumed average depreciation and interest 
payment costs per annum ($) d
200,000 200,000
Average total non-labour costs, excluding log cost, 
depreciation and interest payments ($) e
197,100 433,580
Average non-labour cost, excluding log cost, 
depreciation and interest payments per unit of 
throughput ($/m3 of log) f
27.7 25.8
Average non-labour cost less an allowance for 
non-labour chemical treatment costs g
18.1 16.2
Average non-labour cost in 2003 dollars ($/m3 of 
log) h
21.6 19.3
 
a. Average annual cost of sawmill labour including one-third on-costs is estimated as the average 
annual wage of sawmill employees reported by Bull et al. (1998) (and reproduced in Table I.1), 
multiplied by 1.33. 
b. Average total labour costs per annum estimated as ‘average annual wage of sawmill employees incl. 
1/3 on-costs’ multiplied by the number of employees (number of employees from Table I.1). 
c. Average total log cost per annum is ‘average annual throughput of surveyed mills’ from Table I.1, 
multiplied by the ‘average cost of logs landed at the mill’ also from Table I.1. 
d. Depreciation and interest repayments assumed to be approximately 10% of the market value of 
equipment and machinery, estimated from Table I.1.  
e. Average total non-labour costs, excluding log cost, depreciation and interest payments, is ‘average 
total mill operating costs per annum’ from Table I.1) less ‘average total labour costs per annum’ 
(this table), less ‘average total log cost per annum’ (this table), less ‘assumed average depreciation 
and interest payment costs per annum’ (this table). 
f. Average non-labour cost, excluding log cost, depreciation and interest payments per unit of 
throughput is ‘average total non-labour costs, excluding log cost, depreciation and interest 
payments’ (this table) divided by the ‘average annual throughput of surveyed mills’ from Table I.1. 
g. The ‘average non-labour cost, excluding log cost, depreciation and interest payments per unit of 
throughput’ includes chemical treatment costs which are accounted for elsewhere in this study. 
Jensen (2003) suggested average non-labour variable costs of $24/m3 green-off-saw (GOS) for 
chemically treating hardwood in Australia. That is equivalent to $9.60/m3 of log if a 40% recovery 
of GOS boards from log volume is assumed, which has been deducted from the ‘average non-labour 
cost, excluding log cost, depreciation and interest payments per unit of throughput’. 
h. Average non-labour cost in 2003 dollars is ‘average non-labour cost, excluding log cost, 
depreciation and interest payments per unit of throughput’ inflated by the Australian Consumer 
Price Index from 1996 to 2003. 
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Table I.7.  Fixed-site sawmilling parameters adopted for the goal programming model of forestry opportunities in the Aurukun area 
 
Parameter values for fixed-site sawmills in the study region Scale of sawmilling operation (m3 of 
log/annum) Fixed costs ($M) f Variable costs ($/m3 of log) d
Industrial Culturally
appropriate 
 Sawmilling 
equipment and 
installation a
Total sawmill 
establishment 
costsb
Labour Non-
labour 
Total 
Culturally 
appropriate 
employment 
generation 
(CAFTEs) d,e
Marginal 
product of 
labour in 
sawmill (m3 of 
log/ year/ 
employee) d
1,000 to 5,000 450 to 2,200            0.6 c 1.2 150.2 21.6 171.8 3 to 15 150 
5,000 to 10,000 2,200 to 4,400 1.0 2.0 120.9 21.6 142.5 12 to 23 190 
10,000 to 25,000 4,400 to 11,000 1.9 3.8 84.4 19.3 103.7 16 to 41 270 
25,000 to 45,000 11,000 to 20,000 2.4 4.8 51.8 19.3 71.1 25 to 45 440 
 
a. Includes machinery, engineering installation, all electric motors, electrical schematics, hydraulic schematics, foundation plans, and electrical prewiring of all machinery, 
as supplied by the sawmill system supplier. 
b. Sawmilling equipment and installation expenses plus items not supplied by the sawmill system supplier. It was indicated that doubling the cost of the sawmilling 
equipment and installation expenses should be sufficient to cover the additional expenses of electrical equipment installation, foundations, buildings, air compressor, 
pneumatic piping, stairs, walkways, mill safety devices, saws, saw filing equipment, hydraulic oil, lifting of equipment on-site, and freight and freight insurance. It is 
assumed that with a major maintenance and upgrade expense of 20% of total sawmill establishment costs after 15 years of operation (not included accounted for in the 
tabulated costs, but incorporated into the GP model), the sawmills can remain operational for the 30-year planning horizon modelled. 
c. A.E. Gibson and Sons Pty. Ltd., do not supply sawmilling systems appropriate for industrial scales of less than about 5,000 m3/annum of log, but indicated that 
approximately $0.6 M may be appropriate. 
d. Estimates of variable costs, employment generation and marginal product of labour substantially modified from Bull et al. (1998). See Tables I.4, I.5 and I.6 for details.  
e. Employment includes anyone working in the mill, i.e., those in the log-yard, operating sawmill machinery, administration and management. Employment does not 
include those involved in forest management, and harvesting and hauling logs. 
 
Source: f. A.E. Gibson and Sons Pty. Ltd. (Scott 2003). 
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Appendix J 
 
Estimation of Goal Program Model Parameters for Chemical 
Treatment of Timber in the Aurukun Area 
 
 
The purpose of this appendix is to detail the estimation of Wik forestry goal 
programming parameters for the chemical treatment of timber. The information 
presented has been provided by the chemical treatment of timber expert at the 
Queensland Forestry Research Institute4, Jack Norton (2002) and the Technical and 
Engineering Manager, at Koppers Arch Wood Protection (Australia) Pty. Ltd., Greg 
Jensen (2003). 
 
In industrial native hardwood processing operations in Queensland that employ 
specialised chemical treatment equipment, one person may be employed full-time to 
prepare and monitor the treatment of timber. The candidate has assumed it is culturally 
appropriate to employ two Wik people in this task. In accordance with the Timber 
Utilisation and Marketing Act 1987, it is also assumed that the treatment plant is 
registered with the Queensland Department of Primary Industries Forestry. Table J.1 
lists the parameters adopted for modelling chemical treatment in the study region. 
 
J.1  References 
 
Jensen, G. (2003), Technical and Engineering Manager, Koppers Arch Wood Protection 
(Australia) Pty. Ltd., North Sydney, personal communication. 
Norton, J. (2002), Leader, Forest Products Biodeterioration, Queensland Forestry 
Research Institute, Indooroopilly, personal communication. 
 
                                                 
4 Recently restructured and renamed as part of the Department of Primary Industries and Fisheries. 
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Table J.1.  Chemical treatment parameters for the goal programming model of forestry opportunities in the study area 
 
Parameter value by treatment plant type (m3) Parameter 
Soaking of 
sawntimber a, h
Vacuum pressure treatment of sawntimber i Vacuum pressure 
treatment of poles i
Capacity per charge (m3) b 3 7 6 12 6 
Culturally appropriate charges per day c 0.2 1.0 2.0 2.0 2.0 
Culturally appropriate annual throughput (m3) d 0 to 140 0 to1,680 0 to 2,880 0 to 5,760 2,880 
Fixed costs e 5,000 260,000 500,000 600,000 500,000 
Variable costs ($/m3) 
Labour  
Chemical f
Mobile equipment, energy, chemical disposal, 
maintenance and repairs 
23.40
4.00
15.00
12.50
4.00
17.00
11.00
4.00
20.00
5.50
4.00
20.00
 
11.30 
13.80 
20.00 
 
Total  42.40 33.50 34.00 29.50 45.10
Employment generated (CAFTEs) g 2 @ 8% 2 @ 50% 2 @75% 2 @75% 2 @75% 
 
a. Parameter values for a single steel soaking tank. Soaking provides protection from lyctid beetle only. No protection from decay and the weather. 
b. Capacity per charge assumes timber occupies 70% of tank volume, as recommended by manufacturers. Poles up to 14 m log can be accommodated in the pole vacuum 
tank. 
c. Soaking permits one charge per week. Vacuum treatment tank manufacturer claims the 7 m3 unit is designed to treat three charges per eight-hour workday. That is 
equivalent to approximately one charge per day with culturally appropriate work hours and rates of production. Vacuum treatment tank manufacturer claims the 6 m3 
and 12 m3 units for sawn timber and poles are designed to treat seven charges per eight-hour workday. Norton (2002) recommended two hours per charge would be 
more apprpriate. Adopting the culturally appropriate work hours and rate of production, it is assumed that 2 charges could be treated per workday. 
d. Culturally appropriate maximum annual throughput = capacity/charge x culturally appropriate charges per day x 5 days/week x 48 weeks/year.  
e. Fixed costs for vacuum treatment tanks includes a shed, concrete foundations, vacuum treatment tank, electronics and other equipment, and installation. Soak treatment 
tanks require replacing every 10 years and have no residual value. It is assumed that with a major maintenance and upgrade expense of 20% of total fixed costs after 15 
years of operation (not included accounted for in the tabulated costs, but incorporated into the GP model), the vacuum pressure chemical treatment facilities can remain 
operational for the 30-year planning horizon modelled. 
f. Boron used for treating sawn timber @ $1/litre. 40 litres are required per m3 of sapwood. Assume 10% of sawnwood treated is sapwood. Copper-Chrome-Arsenic 
chemical mixture used to treat poles @ $1.15/litre. 40 litres are required per m3 of sapwood. Assume 30% of pole is sapwood. 
g. Employment generated assumes treatment plant is operating at its full (culturally appropriate) capacity. 2 @ X% represents two persons employed for X% of 25 hours 
per week. It is assumed that if the plant is operating at less than full capacity, it generates employment in proportion with the level of operation. For example, if the plant 
is operating at half capacity, then it generates half the employment of a plant operating at full capacity. 
 
Sources: h. Parameter values for the soaking treatment tank method adapted from Norton (2002). 
i. Parameter values for the vacuum treatment of sawn timber and poles adapted from quotes obtained from Jensen (2003).
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Appendix K 
 
Estimation of Goal Program Model Parameters for Seasoning Timbers 
in the Aurukun Area 
 
 
Timber processors have five main timber seasoning options: air-drying; solar kiln-
drying (including combination solar and gas kiln drying); dehumidifier kiln-drying; 
steam or oil heated conventional kiln-drying; and direct-fired conventional kiln-drying 
(McNaught 1993). The simplest and least expensive of these to set up is air-drying; 
however, little can be done to control the drying environment (temperature and 
humidity) and consequently a greater level of degrade can occur than if kilns are 
employed (e.g. through end splitting and surface checking). Nevertheless, simple 
techniques can markedly reduce the extent of degrade, such as placing the timber under 
cover to protect from direct sunshine and from rain, and application of a end-coating at 
the ends of sawntimber, which can substantially reduce end splitting (McNaught 1993; 
Venn et al. 2002). Depending on the desired moisture content of the timber and local 
environmental conditions, air-drying can take several months or even years. However, 
research by McNaught (1993) and Venn et al. (2002) have indicated that air-drying is 
likely to be the most cost-effective means of seasoning a range of native Queensland 
hardwoods in western parts of Queensland, even when accounting for the opportunity 
cost of time and drying degrade. 
 
Kilns can markedly speed up the seasoning process, facilitate seasoning of timber below 
the eqilibrium mosture content (EMC) of timber5 and also provide the means for 
regulation of the drying environment to minimise drying degrade. Timber is usually 
partially air-dried to between 20% and 25% moisture content prior to being placed in 
the kiln, which reduces kiln-drying time, maximises kiln throughput and lowers fixed 
costs per cubic metre (McNaught 1993). 
 
                                                 
5 The EMC is the moisture content level to which (dead) timber will naturally equilibrate at in a particular 
environment over (sometimes a long period of) time. The EMC in the Aurukun Area is about 12% to 
14% (Smith et al. 1991). Drying timber to a moisture content below the EMC is necessary for some 
products where avoidance of timber movement is critical. 
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When kiln drying is desired or necessary, and relatively small volumes are being 
seasoned, solar kilns are likely to be the most cost efficient in Queensland over all other 
kiln drying technologies (McNaught 1993; Venn et al. 2002). In this dissertation, air-
drying, solar kiln drying and combination solar and gas kiln drying are considered as 
potential seasoning methods. The aim of this appendix is to detail the estimation of goal 
programming model parameters for seasoning of Cape York Peninsula timbers in 
Aurukun town. Section 1 describes the estimation of seasoning times for the study area. 
In Section 2, shed costs for air-drying are estimated in dollars per cubic metre of timber 
that is seasoned. Section 3 reports the seasoning parameters adopted in the Wik forestry 
goal programming model. 
 
K.1  The Estimation of Seasoning Times in the Study Area 
 
Estimation of seasoning parameters for the Wik forestry goal programming model (GP) 
requires estimates of seasoning times. No timber seasoning studies have been performed 
on Cape York Peninsula (CYP) (McNaught 2003), so it has been necessary to estimate 
seasoning times from a comparison of climatic factors and the wood properties of 
harvested timbers between CYP and southern and western Queensland (where 
seasoning studies have been undertaken). Selected climatic averages for Weipa, 70 km 
north of Aurukun, are reported in Table K.1. Statistics of rainfall, humidity, number of 
cloudy days and hours of sunshine indicated to McNaught (2003) that air and solar kiln 
drying may be considerably longer on CYP compared with southern and western 
Queensland. Estimated seasoning times for the Aurukun area are presented in Table K.2 
and have been validated by McNaught (2003) as reasonable estimates on the basis of the 
information available. Air-drying times assume that timber is always under the cover of 
a shed without walls protect the timber from direct sunshine and rain, while allowing 
free flow of air around and between the stacks of timber. It would be impossible to air-
dry timber in the wet season on CYP without a shed. The average drying times are used 
to estimate annual capacities of air-drying sheds and kilns. Considering that the length 
of time required to air-dry 25 mm timber to 12 % moisture content is estimated to be 
longer than the length of the dry season, it is assumed that, on average, all air-dried 
timber will have to be held for an average of 40 weeks to account for the less favourable 
drying conditions in the wet season. 
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Table K.1.  Selected climatic averages for Weipa (1914 to 2001) 
 
Climatic averages Wet season 
(December to April) 
Dry season  
(May to November) 
Mean annual total rainfall (mm) 1613 164 
Mean number of cloudy days per 
month 
17 to 19 6 to 8 
Mean monthly relative humidity at 3 
pm (%) 
65 to 77 45 to 57 
Mean number of hours of sunshine per 
day 
5 to 7 7 to 9 
Mean daily evaporation (mm) 4 to 5 4 to 7 
Mean monthly maximum daily 
temperature (°C) 
31 to 32 30 to 35 
Mean monthly minimum daily 
temperature (°C) 
23 to 24 20 to 23 
 
Source: Commonwealth Bureau of Meteorology (2001). 
 
K.2  Estimated Shed Costs for Air-drying in the Study Area 
 
Simple sheds without walls or a concrete slab floor are necessary for air-drying timber 
in the study region. Shed costs are estimated in Table K.3. For any particular quantity of 
timber produced per annum, the longer the time period required to air-dry the timbers to 
the desired moisture content, the larger the shed that is required (since turn-around time 
is slower), and the higher the shed costs will be (expressed in dollars per cubic metre of 
timber seasoned annually). Table K.3 can be used to estimate shed costs as follows. 
Suppose an operation requires the air-drying of 500 m3 of appearance timbers to 12% 
moisture content and 250 m3 of structural dimension timbers to 20% per annum. Then 
the cost of materials, freight and local labour to erect the required shed is estimated to 
be $35,750 (500 m3 x $51/m3 + 250 m3 x $41/m3). The shed will have a floor space of 
approximately 560 m2 ($35,750 / $64/m2).   
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Table K.2.  Estimated seasoning times for hardwoods in the Aurukun area 
 
Drying time to 20% and 12% moisture content by 
product dimensions (weeks) 
< 38 mm thick 
(Appearance timbers) 
≥ 38 mm thick 
(Predominantly structural 
timber) 
Drying method Season 
20% 12% 20% 12% 
Air-drying a Dry 11.4 30.9 26.0 na b
 Wet 22.8 na 37.4 na 
 Avge 17.1 40 31.7 na 
Solar kiln c Dry na 4.0 na 10.4 
 Wet na 5.0 na 12.5 
 Avge na 4.5 na 11.5 
Dry na 1.7 na 4.0 Combo solar 
and gas d Wet na 2.2 na 5.2 
 Avge na 2.0 na 4.6 
 
Notes: Solar kilns and combination solar and gas kilns can be employed to season timbers to 20% 
moisture content, but it is not financially sensible to install kilns unless the aim is to season timber 
to about 12% moisture content. 
a. Dry and wet season air-drying times have been estimated according to a method suggested by 
McNaught (2003), which follows: 1. Take the mid-point of ranges provided by McNaught (1993) 
for air-drying times to 20% and 12 % moisture content in northern and central Queensland west of 
the Great Dividing Range, and coastal south east Queensland as starting points for drying times in 
Aurukun for the dry and wet seasons respectively; 2. To estimate drying times in Aurukun to 20% 
moisture content, inflate the starting values from McNaught (1993) by 25% to account for the more 
humid climate and then by a further 30% to account for the higher density of CYP species; 3. To 
estimate drying times to 12% moisture content in Aurukun, inflate the starting values by 40% to 
account for the more humid climate and then by a further 30% to account for the higher density of 
CYP species for drying timbers. 
b. Air-drying structural timber to 12% moisture content may be possible, but will probably require two 
dry seasons (i.e. about 18 to 24 months).  
c. Dry and wet season solar kiln drying times assume timber has already been air-dried to 20% 
moisture content and have been estimated according to a method suggested by McNaught (2003), 
which follows: 1. Take indicative coastal south-east Queensland summer solar kiln drying times 
from McNaught (1993); 2. Inflate these values by 30% to account for the higher density of CYP 
species; 3. Inflate this figure by a further 20% for the wet season only. 
d. Dry and wet season combination solar and gas kiln drying times assume timber has already been air-
dried to 20% moisture content. Drying times in the dry season are the mean from three floorboard 
manufacturers in southern Queensland and northern New South Wales (that McNaught (2003) 
recommended the candidate contact), inflated by 30% to account for the higher density of CYP 
species. Wet season drying times have been estimated on the basis of discussions with the kiln 
operators with whom the candidate spoke; they believed that combination kiln drying times would 
not change according to season on CYP. 
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Table K.3.  Estimation of the cost of erecting air-drying sheds in Aurukun 
 
Parameter Value 
Cost of shed with no walls or floor ($/m2 of shed floor space) a 64
Gross volume of timber that can be air-dried per square metre of floor space 
(m3) b
2
Proportion of shed floor space occupied by drying stacks of timber (%) c 60
Stack efficiency (%) d 80
Drying time for appearance timber to 12% moisture content (weeks) e 40.0
Drying time for timber of appearance dimensions to 20% moisture content 
(weeks) e
17.1
Drying time for timber of structural dimensions to 20% moisture content 
(weeks) e
31.7
Cost of shed per cubic metre of appearance timber dried to 12% moisture 
content per annum ($/m3) f
51
Cost of shed per cubic metre of appearance timber dried to 20% moisture 
content per annum ($/m3) f
22
Cost of shed per cubic metre of structural timber dried to 20% moisture 
content per annum ($/m3) f
41
 
a. Sheds have no walls or slab floor. Includes all materials, freight and set-up with local labour. Based 
on an estimate of $10,000 for a 12.5 m x 12.5 m shed including costs of local labour. 
b. Assumes two stacks of seasoning timber laid on top of one another. 
c. The remaining 40% of shed floor space is required to facilitate access to the drying boards. 
d. Due to short or irregularly shaped boards, it is assumed that 80% of the gross volume of timber is 
actually occupied by timber being seasoned. 
e. Drying times taken from Table K.2. 
f. Costs per cubic metre of seasoned timber are calculated from the values in the table as follows: 64 / 
2 x 60% x  80% / 52 weeks/yr x drying time to desired moisture content. 
 
K.3  Timber Seasoning Parameters Adopted for the Wik Forestry Goal 
Programming Model 
 
Table K.4 reports details the seasoning parameters incorporated into the Wik forestry 
GP model. 
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Table K.4.  Seasoning parameters for the goal programming model of forestry opportunities in the study area 
 
Parameter value by seasoning method 
Air-drying Solar kiln
drying 
 Combination solar and gas fired kiln 
Parameter 
A         S A S A S A S A S
Capacity of boards per charge (m3) a na na 12.0 15.6  8.0 10.4 24.0 31.2 40.0 52.0
Maximum annual throughput (m3) b na
 
na
 
128
 
65
 
  
          
 
    
        
197
 
109
 
591
 
326
 
985
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 Fixed costs of seasoning ($)
 
  
Forklift 10,000 10,000 10,000 10,000 10,000
 
10,000 10,000 10,000 10,000 10,000
Shed c 25,640
 
20,320
 
2,810 2,660
 
4,320 4,410 12,960 13,230 21,590 22,050
Kiln d,i na na 35,000 35,000 65,000 65,000 110,000 110,000 165,000 165,000
Total 35,640 30,320 47,810 47,660 79,320 79,410 132,960 133,230 196,590 197,050
Variable costs of seasoning ($/m3)           
Stripping e,j   
  
   
    
   
  
    
Labour (including on-costs) 
 
29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 29.2 
Stickers 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6
Packaging and end sealing 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Mobile equipment 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
Repairs and maintenance 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Contingency  1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Total stripping 38.4
 
38.4
 
38.4
 
38.4 
 
38.4
 
38.4
 
38.4
 
38.4
 
38.4
 
38.4 
 Kiln-drying f,i,k
Labour loading/unloading   14.6 11.2 17.5 13.5 16.1 12.4 14.0 10.8 
Labour monitoring and servicing 
equipment 
29.6 58.0 19.2 34.9 6.4 11.6 3.8 7.0
Electricity
 
4.5
 
8.8
 
 9.16.5 6.5 9.1 6.5 9.1
Gas 10.5 15.0 10.5 15.0 10.5 15.0
Mobile equipment   4.1 4.1 2.5 2.5 2.5 2.5 2.5 2.5 
Cleaning, repairs and maintenance 
 
  5.5 5.5 2.4 2.4 2.4 2.4 2.4 2.4 
Contingency  1.0 1.0 1.01.0 1.0 1.0 1.0 1.0
Total kiln-drying 59.3 88.6 59.6 78.3 45.3 53.9 40.7 47.7
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Total variable cost of seasoning  38.4 38.4 97.6 126.9 98.0 116.7 83.7 92.3 79.1 86.1 
Opportunity cost of seasoning ($/m3) g 32.3 25.6 17.4 34.9  
  
15.4 29.3 15.4 29.3 15.4 29.3
Total variable cost including opportunity cost 
($/m3) 
70.7 64.0 115.1 161.8 113.4 146.0 99.1 121.6 94.5 115.4
Employment generation   
Stripping and moving timber to shed for air-
drying (hours/m3 of sawn timber / two-
person team) h
0.83 0.83 0.83 0.83  
  
0.83 0.83 0.83 0.83 0.83 0.83
Kiln drying (hours/m3 of sawn timber / two-
person team) h
1.3 2.0 1.0 1.4 0.6 0.7 0.5 0.5
 
A = timber of appearance dimensions, i.e., < 38 mm thick. S = timber of structural dimensions, i.e., ≥ 38 mm thick. 
a. Capacity per charge accounts for 25 mm stickers between boards. Assumes a kiln stacking efficiency rate of 80%, as recommended by McNaught (2003) to account for 
unused space within the kiln due to short-length or unusually shaped boards. Therefore, a kiln listed with a 8 m3 capacity of 25 mm boards is actually ordered as a 10 m3 
capacity kiln. The capacity of kilns for structural (thick) timber is greater than for appearance timber, because stickers take up less volume between drying boards in the 
kiln. 
b. Maximum annual throughput assumes that kilns are stacked exclusively with either appearance or structural timber and dried over the appropriate average time period, as 
reported in Table K.2. 
c. Air-drying shed size and cost will vary according to the scale of timber production and the moisture content to which the timber is being air-dried. Air-drying shed costs 
assume 500 m3 per annum of appearance timber seasoned to 12% and 500 m3 per annum of structural timber seasoned to 20% (details can be found in Table K.3). 
d. Kiln costs include a concrete slab and professional construction and installation. Major maintenance expenses for air-drying sheds of 30% of their initial cost is assumed 
to be incurred in year 15 of the planning horizon. Solar kilns and combination gas and solar kilns are assumed to have a 15 year life with no residual value. 
e. Costs of stripping and moving timber to drying yards. Industrially stripping and moving timber can be performed at the rate of approximately 1.7 m3/hour by two persons 
(McNaught 1993). Stripping labour cost assumes culturally appropriate rate of production of 70% of that level (1.2 m3/hour). 
f. Labour costs are based on the labour time that industrial hardwood driers budget for loading and unloading, monitoring and conducting routine maintenance on their 
kilns. However, two Wik people are assumed to be doing the work that one person would typically be responsible for in an industrial operation. Non-labour variable 
costs estimated following discussions the candidate held with solar kiln and combination solar and gas kiln experts and a commercial hardwood timber flooring 
manufacturer.  
g. Opportunity cost of seasoning as opposed to selling into the GOS market. Assumes GOS boards can be sold for $600/m3 and the revenue generated could be invested at 
7% p.a. Timber of structural dimensions cannot be air-dried to 12% moisture content. 
h. It is difficult to specify the number of CAFTEs generated through seasoning activities, as this will depend on the annual output of sawn timber and what proportion (if 
any) is kiln dried. For example, there are 1,200 work hours/CAFTE, so stacking 1,440 m3 of sawn timber per annum is assumed to generate two CAFTEs. 
 
Sources: i. Burke (2003). 
j. McNaught (1993) and McNaught (2003). 
k. McNaught (1993), Bradley (2003), Palmer (2003) and McNaught (2003). 
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Appendix L 
 
Estimation of Goal Program Model Parameters for Strip Flooring and 
Small-scale Timber Furniture Manufacture in the Aurukun Area 
 
 
The purpose of this appendix is to detail the estimation of strip flooring and timber 
furniture manufacturing parameters that have been adopted in the Wik forestry goal 
programming model. The parameters have been estimated following consultations with 
government research officers and flooring and furniture manufacturers in the private 
sector. Table L.1 details employment generation, and fixed and variable cost parameters 
for two scales of strip flooring manufacture in the Aurukun area. Table L.2 provides the 
same types of information for small-scale timber furniture manufacturing in the study 
area. 
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Table L.1.  Strip flooring manufacturing parameters for the goal programming model of forestry opportunities in the study area 
 
Parameters for floorboard manufacture in the study area Scale of floorboard manufacturing 
operation (m3 of treated and seasoned 
board /annum) 
Fixed costs ($M) Variable costs ($/m3 of treated and 
seasoned board) 
Industrial Culturally
appropriate 
 
c
Drymilling 
equipment d,i
Total drymill plant 
establishment and 
installation costs e,i
Labour f Non-labour g Total 
Culturally 
appropriate 
employment 
generation 
(CAFTEs) h
0 to 2,400 a 0 to 1,050 0.4 0.9 130.3 75.0  j 205.3 6 
0 to 9,000 b 0 to 3,940 0.5 1.1 34.7 135.0 k 169.7 6 
 
a. Based on a moulder capable of producing 4,000 linear metres of floorboards per 8-hour workday. Approximately 400 linear metres of floorboards to a cubic metre. 
b. Based on a moulder capable of producing 15,000 linear metres of floorboards per 8-hour workday. Approximately 400 linear metres of floorboards to a cubic metre. 
c. Culturally appropriate scales of operation have been estimated assuming a 5-hour workday and a culturally appropriate rate of production of 70% of the industrial rate. 
d. Drymilling equipment costs includes a moulder, docking saw, end-matcher and grinding equipment. 
e. Drymilling equipment, plus items not supplied by the drymill supplier. It was indicated that additional expenses including installation, foundations, buildings, air 
compressor, pneumatic piping, stairs, walkways, safety devices, lifting of equipment on-site, and freight and freight insurance, would probably exceed the cost of the 
drymilling equipment. A major maintenance and upgrading expense of $200,000 is assumed to be incurred by both scales of strip flooring manufacture in year 15 of the 
planning horizon. 
f. Labour costs assume six drymill operators at the labour cost of $22,800/CAFTE/annum) and the rate of productivity implied by the particular culturally appropriate scale 
of floorboard manufacture (i.e. 4.4 m3/day for 1,050 m3/annum scale and 16.4 m3/day for the 3,940 m3/annum scale). 
g. Non-labour costs include energy and parts. 
h. Culturally appropriate employment generation assumes two persons at the moulder (one take, one feed), two persons at the docking saw (one take, one feed) and two 
persons at the end-matcher (one take, one feed). Note that all of these tasks could be undertaken by only two or three persons in a fully automated drymilling plant. It is 
assumed that if the plant is operating at less than full capacity, it generates employment for six employees in proportion with the level of operation. For example, if the 
plant is operating at half capacity, then it generates six CAFTEs @ 50%. 
 
Sources: i. Honeyman (2003). 
j. Yeates (2003). 
k. Bradley (2003). 
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Table L.2.  Small-scale furniture manufacturing parameter values for the goal 
programming model of the Aurukun area 
 
Parameter Value 
Output of dining settings per annum a,h 90
Appearance timber inputs per setting (m3) b,i 0.4
Employment generated (CAFTEs) c 6
Fixed costs of small-scale furniture production 
Buildings – factory and storage ($) d,h 300,000
Machinery and equipment ($) e,h 300,000
Total 600,000
Variable costs of small-scale furniture production $/dining 
suite
$/m3 of appearance 
timber
Labour f 1,520 3,800
Non-labour (excluding timber) g,h 290 720
Total 1,810 4,520
 
a. Output per annum assumes the furniture manufacturing plant operates full-time at the culturally 
appropriate rate of production. Assumes 80 person hours per dining setting. Factory employing six 
persons utilises 7,200 person hours per annum. 
b. Timber inputs assumes 0.175 m3 for the dining table, 0.02 m3 for each of the six chairs, plus 35% to 
account for machining and wastage. 
c. It is assumed that if the furniture manufacturing plant is operating at less than full capacity, it 
generates employment for six employees in proportion with the level of operation. For example, if 
the plant is operating at half capacity, then it generates six CAFTEs @ 50%. 
d. Buildings cost includes all material and erection costs. 
e. Machinery and equipment includes items such as, an assortment of saws, planers and hand tools, 
dust extractor system, spray booth, and air compressor. A major maintenance and upgrading 
expense of $150,000 is assumed to be incurred in year 15 of the planning horizon. 
f. Labour costs assume six dining suite manufacturers at the adopted labour cost of 
$22,800/CAFTE/annum and 90 dining suites per annum. 
g. Non-labour costs include energy and wear and tear on machinery and equipment. 
 
Sources: h. Allwood (2000). 
i. Sewell (2001). 
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